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(S) Process for the production of dialkyi carbonate. 



(S7) A process for the production of a dialkyi carbonate from inexpensive raw materials by a safe method 
using no corrosive gas but using alkylene glycol or alkanediol produced as a byproduct the process 
comprising reacting an alkylene glycol or an alkanediol with urea in the presence of a catalyst to form 
an alkylene carbonate derived from the alkylene glycol or a sixHfnembered cydic carbonate derived from 
the alkanediol and reacting the alkylene carbonate or the six-membered cyclic carbonate with an 
alcohol in the presence of a catalyst to obtain a dialkyi carbonate and an alkylene glycol, or a dialM 
carbonate and an alkanedtol, wherein the alkylene glycol or the alkanediol obtained in the second step 
is recycled to the first step. 
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Field of the Invention 

The present invention relates to a process for the production of a dialkyi carbonate. More specifically, it 
relates to a process for the production of a dialkyi carbonate from urea and an alcohol in the presence of an 
5 alkylene glycol or an alkane diol which is recyclable. The alkyi carbonate is an important compound as a solvent 
for a resin and a coating composition, an alkylating agentor a carbonylating agent. Further, the alkyI carbonate 
is useful as an organic solvent, an agent for processing a synthetic fiber, a raw material for a synthetic resin 
and a drug, or an organic synthesis reagent. 

10 Prior Art of the Invention 

The dialkyi carbonate is industrially produced from phosgene as a raw material. However, the high toxicity 
of phosgene has been recently recognized as a serious problem concerning environmental protection. For 
avoiding the use of the phosgene, U.S. Patent 5162563, JP-A-56-164145 and JP-A-2-19347 disclose a methfyj 

15 In which methanol is oxidized and carbonylated, and U.S. Patent 4307032 discloses a method in which alkyi -Te 
carbonate and an alcohol are ester-exchanged. 

U. S. Patent 2,773,881 discloses a process for producing alkylene carbonate, in which ethylene oxide and 
carbon dioxide are allowed to react continuously in the presence of a pyridine catalyst at 240''C under about 
140 atmospheric pressures. The problem with this process is that the temperature and pressure are high and 

20 that ethylene oxide has a high risk of explosion. 

European Patent 443,758 discloses a process for producing alkylene carbonate from glycol and urea under 
atmospheric pressure or elevated pressure in the absence of a catalyst or in the presence of a tin compound 
as a catalyst. In this process, the selectivity to alkylene carbonate on the basis of glycol which has reacted is 
as high as 84 to 99 %. However, the conversion of glycol is 66 % of the theoretical value or less, and the se- 

25 lectivity to alkylene carbonate on the basis of urea is as low as 63 % or less. The amount of urea which is de- 
composed is large. 

As a process for producing a six-membered carbonate, DE-31 031 3741 discloses a process for producing 
a cyclic carbonate from alkanediol and urea in the presence of an ester-exchange catalyst. This process cannot 
be said to be industrially advantageous, since the yields are as low as about 80 % and the reaction time is as 
30 long as 10 to 20 hours. 

As described above, as a substitute for the method using phosgene, there have been proposed a process 
in which methanol is oxidized and carbonylated, and a process in which alkylene carbonate and alcohol are 
ester-exchanged . 

With regard to the process in which methanol is oxidized and carbonylated, there have been proposed a 
35 gaseous phase method in which methanol and nitrous acid ester are allowed to react in a gaseous phase (U.S. 
Patent 5162663) and a liquid phase method in which they are allowed to react in a liquid phase (JP-A-2-19347). 
The former method has a problem in the use of a corrosive gas (nitrous acid ester), and the latter method has 
a problem in that the reaction pressure is high, that the catalyst is expensive and that the nitrous acid ester is 
corrosive. 

40 In the process in which alkylene carbonate and alcohol are ester-exchanged, alkylene carbonate and al- 

cohol easily react with each other since the reaction is an equilibrium reaction, while the alkylene carbonate 
as a raw material is expensive, and alkylene glycol is formed as a byproduct. 

Summary of the Invention 

45 

It is an object of the present invention to provide an Industrially advantageous process for the production 
of a dialkyi carbonate from inexpensive raw materials by a safe method. 

It is another object of the present invention to provide a process for the production of a dialkyi carbonate, 
which process uses no corrosive gas and which can utilize alkylene glycol or alkanediol produced as a byproo- 
50 uct. 

It is further another object of the present invention to provide a process for the production of a dialkyi car- 
bonate from urea and an alcohol as substantial raw materials. 

According to the present invention, there is provided a process for the productbn of a dialkyi carbonate, 
which comprises 

55 a first step of reacting an alkylene glycol of the formula (1), 

RiCH(OH)CH(OH)R2 (1) 
wherein each of and R2 is independently a hydrogen atom or an alkyI group having 1 to 4 carbon 

atoms, 

2 
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or an alkanedbl of the formula (2), 



15 



50 



55 



r4 



s r3cH(0H)-C-CH(0H)R° (2) 

wherein each of to is independently a hydrogen atom or an alkyi group having 1 to 4 carbon atoms, 
10 with urea to form an alkylene carbonate derived from the alkylene glycol of the formula (1 ) or a six-membered 
cyclic carbonate derived from the alkanediol of the formula (2), and 

a second step of reacting the alkylene carbonate or the six-membered cyclic carbonate with an alcohol 
to obtain a dialkyi carbonate and an alkylene glycol, or a dialkyi carbonate and an alkanediol, 

wherein: the alkylene glycol or the alkanediol obtained in the second step is recycled to the first step. 



Detailed Description of the Invention 



The present inventors have made diligent studies to achieve the above objects, and as a result have found 
the following (the invention (1)): A dialkyi carbonate can be industrially advantageously produced from easily 

20 available urea and an alcohol by reacting urea and alkylene glycol to form a f ive-membered cyclic alkylene 
carbonate In a first step, reacting the alkylene carbonate and an alcohol to form a dialkyi carbonate in a second 
step, and recycling alkylene glycol formed as a byproduct to the first step. 

The present inventors have also found the following (the irivention (2)): A dialkyi carbonate can be indus- 
trially advantageously produced from easily available urea and an alcohol by reacting urea and a specif al- 

25 kanedk)! to form a six-nnennbered cyclic carbonate in a fist step, and reacting the six-membered cyclic carbonate 
and an alcohol, and in this case, a specific alkanediol formed as a byproduct can be recycled to the first step. 

A zinc-, magnesium-, lead- or calcium-based catalyst is suitable for use in the reaction between either the 
alkylene glycol or alkanediol and urea in the first step. Particularly, this reaction is preferably carried out under 
reduced pressure, since the alkylene carbonate or six-membered cyclic carbonate can be obtained at high 

30 yields. The catalyst which is used in the first step and remains in the reaction mixture still retains its activity 
in the ester-exchange reaction carried out in the second step. Therefore, the reaction mixture containing the 
catalyst in the first step may be directly used in the second step. Further, unreacted alkylene glycol or unreacted 
alkanediol may be removed from the reaction mixture containing the catalyst in the first step, and the remainder 
containing the catalyst may be used in the second step. 

35 The alkylene glycol or the alkanediol recovered from the reaction mixture produced in the second step is 

recycled to the first step. The unreacted alkylene carbonate or unreacted six-membered cyclic carbonate con- 
taining the catalyst, recovered from the reaction mixture formed in the second step, is recycled to the reaction 
system in the second step. In this case, it is preferred to separate part of the catalyst from the unreacted al- 
kylene carbonate or unreacted six-membered cyclic carbonate containing the catalyst, and to use the separated 

40 catalyst in the first step. When the catalyst used in the first step is the same as the catalyst used in the second 
step, the catalyst used in the first step may be used in the second step, and the catalyst used in the second 
step may be recycled to the first step. 

In the present invention, the alkylene glycol, the alkanediol and the catalyst can be recycled, i.e., can be 
used in a circulating manner. Therefore, a dialkyi carbonate can be substantially produced from urea and an 

45 alcohol. That is. the characteristic feature of the present invention is that a dialkyi carbonate can be easily pro- 
duced from relatively inexpensive raw materials at high yields. 

In the present invention (1), the first and second steps are shown by the following reaction scheme. 



(First step) 



R^CHOH R^CHO^ 

ISlHpCONHn + «l > n ^CO * 2NH3 

2 ^ R^CHOH R^CHO-^ 
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(second step) 

rIcho^ rIchoh 

In the above reaction scheme, each of and is independently a hydrogen atoni or an alkyi group having 
1 to 4 carbon atoms, and R* is an aikyi or alicydic group. 
10 In the present invention (2), the first and second steps are shown by the following reaction scheme. 

(First step) 



15 



r4 

NH2CONH2 + r3cH(0H)-C-CH(0H)R^ 

is 

20 

I 

y ^\ 

R^CH rS HCR^ + 2NHo 
I I 

25 0 0 

ii 

o 



30 



(Second step) 



r4 



35 ,C ^ R"* 

2R'0H + R^CH r5 HCr6 -> R^CHCOH) -C-CH(OH)R^ + CO 
00 R^ 

40 C 

II 

0 

In the above reaction scheme, each of R3 to R« is independently a hydrogen atom or an alkyI group having 
45 1 to 4 carbon atoms, and R' is an alkyI or alicydic group. 

In the present invention, the first step for producing an alkylene carbonate or a six-membered cyclic car- 
bonate from urea and either alkylene glycol or alkanediol is generally carried out by adding a catalyst to a sol- 
ution mixture of urea with alkylene glycol or alkanediol and heating the resultant mixture. 

The alkylene glycol used as a raw material in the fist step refers to a compound of the formula (1 ), 
so RiCH(OH)CH(OH)R2 (1) 

wherein each of R^ and R^ is independently a hydrogen atom or an alkyI group having 1 to 4 carbon 

atoms. 

The alkanediol used as a raw material in the first step refers to a compound of the fonnula (2), 

55 
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R^CH (OH ) -C-CH (OH ) 



(2) 



wherein each of to R« is independently a hydrogen atom or an alkyi group having 1 to 4 carbon atoms. 
The atx>ve alkylene glycol includes ethylene glycol, 1,2-propylene glycol and 1,2-butytene glycol. 
The above alkanediol includes 1,3-propanedlol, 1.3-butanediol. 1,3-pentanediol.2,4-pentanediol. 1,4-hex- 
10 anediol. 2,4-hexanediol, 2-nnethyl-2,4-pentanediol and neopentyi glycol. 

The amount of the alkylene glycol or the alkanediol per mole of urea is required to be at least 1 mol. When 
' ^ the molar ratio of the alkylene glycol or the alkanediol to urea is 1 .1 to 1 .5, advantageously, the reaction mixture 
containing the catalyst, obtained in the first step, can be directly fed to the second step. When the molar ratio 
of the alkylane glycol or the alkanediol to urea is less than 1. the selectivity to the alkylene carbonate or the 
IS six-membered cyclic carbonate decreases due to a side reaction of the urea. 

In the present invention, the catalyst used in the first step includes metals such as zinc, magnesium, lead 
and calcium and compounds of these metals. 

The above catalyst is generally selected from powders, oxides, suboxides, hydroxides, inorganic salts, car- 
bonates, basic carbonates, organic salts and organic compounds of metals such as zinc, magnesium, lead and 
20 calcium. Further, as a catalyst, there may be used reaction products from the reactions of the above metal 
compounds with organic compounds present in the reaction system such as urea, alkylene glycol, alkanediol, 
alkylene carbonate, six-membered cyclic carbonate, alcohol and dialkyi cart>onate. 

The atxDve compounds (catalysts) may be used alone or in combination. Further, the above catalyst may 
be used as a mixture thereof with a compound inert to the reaction or one supported by a carrier inert to the 
25 reaction. 

The amount of the catalyst is not specially limited, while the catalyst is used in such an amount that the 
amount of zinc, magnesium, lead or calcium per mole of urea is 0.0001 to 10 mol, preferably 0.001 to 1 mol. 

In the first step of the present invention, an excess amount of the alkylene glycol or the alkanediol is used 
for increasing the selectivity to the alkylene carbonate or the six-membered cyclic carbonate, and it is hence 
30 not necessarily required to use a solvent. When the raw material has a high boiling point, a high melting point 
or a high viscosity, it is preferred to use a solvent. 

The solvent is not specially limited if it is inert to the reaction and can be dissolved in the reaction system. 
The solvent is preferably selected from cyclic carbonate, an aromatic hydrocarbon and an ether. 

Although not specially limited, the amount of the solvent per mole of urea is generally 0.1 to 10 mol. 
35 In the present invention, the first step is carried out by maintaining a mixture of urea, either the alkylene 

glycol or the alkanediol abd tge catalyst at a reaction temperature while removing formed ammonia from the 
reaction system. 

For removing ammonia, inert gas may be introduced into the reaction mixture under reaction conditions. 
The inert gas is generally selected from nitrogen and carbon dioxide. The amount of the inert gas per mde of 
40 ammonia is 1 to 100 mol. Further, in place of the inert gas, more effectively, the reaction in the first step is 
carried under the reflux of the alkylene glycol, the alkanediol, or the solvent. The amount of the alkylene glycol, 
the alkanediol or the solvent under reflux is 1 to 100 mol per mole of the ammonia. 

In the present invention, the reaction temperature in the first step Is properly 120 to 200*0. When the re- 
action temperature is too low. the reaction rate is low. When it is too high, the amount of byproducts increases. 
45 The reaction pressure may be atmospheric pressure or elevated pressure. For easily removing ammonia, 

the reaction is preferably carried out under reduced pressure. The reduced pressure is in the range of from 5 
to 700 mmHg. and the reduced pressure is properly selected so that the alkylene glycol, the alkanediol or the 
solvent is ref luxed at a reaction temperature. 

The reaction time differs depending upon the alkylene glycol or the alkanediol. the molar ratio of the al- 
so kylene glycol or the alkanediol to urea, the catalyst, the amount of the catalyst, the reaction temperature and 
the amount of the alkylene glycol, the alkanediol or the solvent, while the reaction time is generally 0.5 to 10 
hours. 

In the second step, either the alkylene carbonate or the six-membered cyclic carbonate and an alcohol 
are ester-exchanged to form a dialkyi carbonate, and the reaction for this ester-exchange is generally carried 
55 out by adding a catalyst to a mixture of either the alkylene carbonate or the six-membered cyclic carbonate 
with an alcohol and heating the resultant mixture. 

The alkylene carbonate or the six-membered cyclic carbonate formed in the first step can be easily isolated 
from the reaction mixture by a conventional method such as distillation, and used in the second step. 
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When the above catalyst, i.e.. a zinc, magnesium, lead or calcium catalyst, used In the first step is used 
in the second step, this catalyst still has the activity for the ester-exchange reaction in the second step. It is 
therefore industrially advantageous to use the reaction mixture containing the catalyst, obtained in the first 
step, as a raw material for the second step as it is or after unreacted alkylene glycol or unreacted alkanediol 
5 and the solvent are removed by distillation, since the process is so simplified. 

In the ester-exchange reaction in the second step, the alcohol as a raw material is selected from aliphatic 
alcohols having 1 to 6 carbon atoms, preferably 1 to 4 carbon atoms, such as methyl alcohol, ethyl alcohol, 
propyl alcohol and Isopropyl alcohol and alicyclic alcohols such as cyclohexanol. 

Although not specially limited, the amount of the alcohol per mole of the alkylene carbonate or the six-menr)- 
10 bered cyclic carbonate is 1 to 20 mol. 

^ In the present invention, the catalyst used in the second step is not specially limited, while it is economical 
and processwise advantageous to use the catalyst used in the first step. When the same catalyst is used in 
the first step and the second step, the reaction mixture containing the catalyst, obtained in the first step, is 
used for the reaction in the second step, and the alkanediol or the alkylene glycol and the solvent, recovered 
15 from the reaction mixture obtained in the second step can be recycled to the first step. 

The reaction temperature in the second step is 60 to 200°C. When the reaction temperature is too low, 
the reaction rate is low and the selectivity to the dialkyi carbonate (from six-membered cyclic carbonate) is 
low. When it is too high, the amount of byproducts increases. 

The reaction time differs depending upon the alcohol and the alkylene carbonate or the sbc-membered 
20 cyclic carbonate as raw materials, the amount ratio of these, the catalyst and the amount of the catalyst, while 
the reaction time is generally 0.1 to 10 hours. 

The reaction pressure In the second step may be a pressure under which the reaction is carried out In a 
liquid phase, while it is generally in the range of from 0 to 20 kg/cm^. 

In the second step of the present invention (2), generally, alkyl-3-hydroxyalkyl carbonate is formed in ad- 
25 dition to the dialkyi carbonate. This alkyl-3-hydroxyalkyl carbonate is an intermediate between the six-mem- 
bered cyclic carbonate and the dialkyi carbonate. After the alcohol and the dialkyi carbonate are separated 
from the reaction mixture obtained in the second step, the above intermediate and the unreacted six-membered 
cyclic carbonate are re-cycled in the second step, whereby the yield of the dialkyi cart>onate increases. 

After the reaction in the second step, the dialkyi carbonate formed in the second step can be recovered 
30 by easily separating it from the reaction mixture by a conventional method such as distillation. 

In the second step in the present invention (1). formed dialkyi carbonate, unreacted alcohol and fonmed 
alkylene glycol are separated from the reactfon mixture by distillation. The separated alkylene glycol is recycled 
to the first step. The remaining reaction mixture (from which theformed dialkyi carbonate, the unreacted alcohol 
and the formed alkylene glycol have been separated) is separated into unreacted alkylene carbonate and the 
35 catalyst The separated, unreacted alkylene carbonate can be used in the second step, and the separated cat- 
alyst can be used in any one of the first and second steps. Further, part of the catalyst may be separated from 
the above remaining reaction mixture and recycled to the first step, and the remainder (alkylene cart)onate 
containing a remaining catalyst) can be used in the second step. For recycling the catalyst used and recovered 
in the second step to the first step, it is preferred to use the same catalyst in the first and second steps. 
40 In the second step in the present invention (2), formed dialkyi carbonate, unreacted alcohol and fonmed 

alkanediol are separated from the reaction mixture by distillation. The separated alkanedtol is recycled to the 
first step. The remaining reaction mixture (from which the formed dialkyi carbonate, the unreacted alcohol and 
the formed alkanediol have been separated) is separated into unreacted six-membered cyclic carbonate and 
the catalyst. The unreacted six-membered cyclic carbonate can be used in the second step, and the catalyst 
45 can be used in any one of the first and second steps. Further, part of the catalyst may be separated from the 
above remaining reaction mixture and recycled to the first step. For recycling the catalyst used and recovered 
in the second step to the first step, it is preferred to use the same catalyst in the first and second steps. 

In the second step in the present inventbn (2), generally, alkyl-3-hydroxyalkyl carbonate is formed in ad- 
dition to the dialkyi carbonate as described already. In this case, the alkyl-3-hydroxyalkyl carbonate can be 
50 recycled to the reaction system in the second step together with part of the unreacted sbc-membered cyclic 
carbonate. 

The process of the present invention can be carried out by any one of a batch method and a continuous 
method. 

As detailed above, the present invention provides a process for the production of dialkyi carbonate, in which 
55 alkylene carbonate or six-membered cyclic carbonate can be produced from urea and either alkylene glycol 
or alkanedtol at high yields in the first step and alkylene glycol or alkanediol produced as a byproduct in the 
second step can be recycled to the first step. In the process of the present invention, dialkyi carbonate can be 
produced substantially from urea and an alcohol. In the process of the present invention, dialkyi carbonate can 

6 
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be produced from easily available Inexpensive materials at high yields. 

In the process of the present invention, the same catalyst can be used both in the first step of producing 
alkylene carbonate or six-membered cyclic carbonate and in the second step of producing dialkyi carbonate 
by an ester-exchange reaction. In the process of the present invention, the process for the production of dialkyi 
5 carbonate can be remarkably simplified, and recovered catalyst and remaining reaction mixture can be recy- 
cled. 

Further, in the process of the present invention, dialkyi carbonate can be produced in the absence of toxic 
gas or explosive gas, by a liquid phase reaction at a highly safe, low pressure. 

The present invention will be detailed hereinafter with reference to Examples. However, the present in- 
to vention shall not be limited to these Examples. 

In Examples, the conversion of glycol is calculated by the following equation. The amount of unreacted 
' glycol is obtained by measuring a reactk>n mixture, and the amount of glycol entailed by formed ammonia is 
included in a reaction amount (amount of glycol - amount of unreacted glycol). The conversion of glycol there- 
fore sometimes shows a value exceeding a theoretical value. Similarly, the conversion of alkanediol some- 
15 times shows a value exceeding a theoretical value. 

Conversion of glycol (%) = (Amount of fed glycol - amount of unreacted glycol)/amount of fed glycol x 100 
The converston of alkanediol is also calculated as follows. 
Conversion of alkanediol (%) = (Amount of fed alkanediol - amount of unreacted alkanediol)/amount of 

fed alkanediol x 100. . 

20 

Example 1 
(First step) 

25 A 300-ml three-necked flask equipped with a Snyder's fractionating column having a reflux condenser in 

an upper portion and a thermometer was charged with 60.1 g (1 .00 mol) of urea, 77.6 g (1.25 mol) of ethylene 
glycol and 3 g of zinc oxide, and while the mixture was stinred, the pressure in the flask was reduced to 100 
mmHg and the mixture was heated to 145°C. The mixture was allowed to react for 2 hours, and then the reaction 
mixture was cooled. The amount of the reaction mixture was 106.1 g. The reaction mixture was analyzed for 

30 a composition by gas chromatography to show 1 5.4 g of unreacted ethylene glycol and 86.0 g of formed ethy- 
lene carbonate. 

The above results show the following. The conversion of ethylene glycol is 80.1 % under the theoretical 
value of 80.0 %, the selectivity to ethylene carbonate on the basis of the reacted ethylene glycol is 97.5 %, 
and the selectivity to ethylene carbonate on the basis of urea is 97.6 % (conversion of urea = 100 %). 

35 

(Second step) 

A 300-ml autoclave was charged with the entire amount of the reaction mixture obtained in the first step 
and 64.1 g (2.0 mol) of methanol and flushed with nitrogen. Then, the mixture was heated up to 140^C with 
40 stirring. The mixture was allowed to react for 1 hour, and the reaction mixture was cooled and analyzed for a 
composition by gas chromatography to show 44.8 g of methanol, 27.0 g of dimethyl carbonate, 34.1 g of ethy- 
lene glycol and 59.3 g of ethylene carbonate. 

The above results show the following. The conversion of ethylene carbonate is 31,0 %, and the selectivity 
to dimethyl carbonate on the basis of the reacted ethylene carbonate is at least 99 %. 

45 

Example 2 
(First step) 

50 The first step of Example 1 was repeated except that the zinc oxide as a catalyst was replaced with mag- 

nesium oxide, to give 104.5 g of a reaction mixture. The reaction mixture was analyzed for a compositbn by 
gas chromatography to show 16.1 g of unreacted ethylene glycol and 83.9 g of formed ethylene carbonate. 

The above results show the following. The conversion of glycol is 79.2 % under the theoretical value of 
80.0 %, the selectivity to ethylene carbonate on the basis of the reacted ethylene glycol is 96.2 %. and the 

55 selectivity to ethylene carbonate on the basis of urea is 95.2 % (conversion of urea = 100 %). 
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(Second step) 

A 300-ml autoclave was charged with the entire amount of the reaction mixture obtained in the first step 
and 64.1 g (2.0 mol) of methanol and flushed with nitrogen. Then, the mixture was heated up to 12(y*C with 
5 stirring. The mixture was allowed to react for 1 hour, and the reaction mixture was cooled and analyzed for a 
composition by gas chromatography to show 44.9 g of methanol, 26.9 g of dimethyl carbonate, 34.6 g of ethy- 
lene glycol and 57.4 g of ethylene carbonate. 

The above results show the following. The conversion of ethylene carbonate is 31 .5 %. and the selectivity 
to dimethyl carbonate on the basis of the reacted ethylene carbonate is at least 99 %. 

10 

Examples 
(First step) 

IS The first step of Example 1 was repeated except that the zinc oxide as a catalyst was replaced with lead 

oxide and that the reaction time was changed from 2 hours to 4 hours, to give 103.8 g of a reaction mixture. 
The reaction mixture was analyzed for a composition by gas chromatography to show 16.7 g of unreacted ethy- 
lene glycol and 83.6 g of formed ethylene carbonate. 

The above results show the following. The conversion of glycol is 78.6 % under the theoretical value of 

20 80.0 %, the selectivity to ethylene carbonate on the basis of the reacted ethylene glycol is 96.8 %. and the 
selectivity to ethylene carbonate on the basis of urea is 95.0 % (conversion of urea = 100 %). 

(Second step) 

25 A 300-ml autoclave was charged with the entire amount of the reaction mixture obtained in the first step 

and 64.1 g (2.0 mol) of methanol and flushed with nitrogen. Then, the mixture was heated up to 120*C with 
stirring. The mixture was allowed to react for 1 hour, and the reaction mixture was cooled and analyzed for a 
composition by gas chromatography to show 45.9 g of methanol, 25.6 g of dimethyl carbonate, 34.3 g of ethy- 
lene glycol and 58.5 g of ethylene carbonate. 

30 The above results show the following. The conversion of ethylene carbonate is 30.1 %, and the selectivity 

to dimethyl carbonate on the basis of the reacted ethylene carbonate is at least 99 %. 

Example 4 
35 (First step) 

The first step of Example 1 was repeated except that the zinc oxide as a catalyst was replaced with 1 .5 g 
of calcium oxide, that the pressure was changed to 80 mmHg. that the reaction temperature was changed to 
135^C and that the reaction time was changed from 2 hours to 6 hours, to give 102.1 g of a reaction mixture. 
40 The reaction mixture was analyzed for a composition by gas chromatography to show 1 5.3 g of unreacted ethy- 
lene glycol and 84.1 g of formed ethylene cart>onate. 

The above results Show the following. The conversion of glycol is 80.3 % under the theoretical value of 
80.0 %, the selectivity to ethylene carbonate on the basis of the reacted ethylene glycol is 95.1 %, and the 
selectivity to ethylene carbonate on the basis of urea is 95.4 % (conversion of urea = 100 %). 

45 

(Second step) 

A 300-ml autoclave was charged with the entire amount of the reaction mixture obtained in the first step 
and 64.1 g (2.0 mol) of methanol and flushed with nitrogen. Then, the mixture was heated up to 60*^C with 
50 stirring. The mixture was allowed to react for 1 hour, and the reaction mixture was cooled and analyzed for a 
composition by gas chromatography to show 44.4 g of methanol. 27.5 g of dimethyl carbonate, 34.2 g of ethy- 
lene glycol and 56.9 g of ethylene carbonate. 

The above results show the following. The conversion of ethylene carbonate is 32.3 %. and the selectivity 
to dimethyl carbonate on the basis of the reacted ethylene carbonate is at least 99 %. 

55 
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Example 5 
(First step) 

The same reactor as that used In Example 1 was charged with 60.1 g (1 .00 mol) of urea, 95.1 g (1 .25 mol) 
of propylene glycol and 1 .5 g of zinc oxide, and while the mixture was stirred, the pressure in the reactor was 
reduced to 280 mmHg and the mixture was heated to 170**C. The mixture was allowed to react for 1 .5 hours, 
and then the reaction mixture was cooled. The amount of the reaction mixture was 122.2 g. The reactbn mix- 
ture was analyzed for a composition by gas chromatography to show 1 8.8 g of unreacted propylene glycol and 
101.2 g of formed propylene carbonate. 

The above results show the following. The conversion of glycol is 80.2 % under the theoretical value of 
' " 80.0 %, the selectivity to propylene carbonate on the basis of the reacted propylene glycol is 98.9 %, and the 
selectivity to propylene carbonate on the basis of urea is 99.1 % (conversion of urea = 100 %). 

15 (Second step) 

A 300-ml autoclave was charged with the entire amount of the reaction mixture obtained in the first step 
and 64.1 g (2.0 mol) of methanol and flushed with nitrogen. Then, the mixture was heated up to 140°C with 
stirring. The mixture was allowed to react for 1 hour, and the reaction mixture was cooled and analyzed for a 
20 composition by gas chromatography to show 52.0 g of methanol. 16.9 g of dimethyl carbonate, 33.2 g of pro- 
pylene glycol and 81,9 g of propylene carbonate. 

The above results show the following. The conversion of propylene carbonate is 19.0 %, and the selectivity 
to dimethyl cark>onate on the basis of the reacted propylene carbonate is at least 99 %, 

25 Example 6 

(First step) 

A reaction mixture was obtained in the same manner as in the first step of Example 5. 

30 

(Second step) 

A 300-ml autoclave was charged with the entire amount of the reaction mixture obtained in the first step 
and 92.1 g (2.0 mol) of ethanol and flushed with nitrogen. Then, the mixture was heated up to lAO^'C with stlr- 
35 ring. The mixture was allowed to react for 1 hour, and the reaction mixture was cooled and analyzed for a com- 
position by gas chromatography to show 76.2 g of ethanol. 20.3 g of diethyl carbonate, 32.0 g of propylene 
glycol and 83.5 g of propylene carbonate. 

The above results show the following. The conversion of propylene carbonate is 1 7.4 %, and the selectivity 
to diethyl carbonate on the basis of the reacted propylene carbonate is at least 99 %. 

40 

Example 7 
(First step) 

45 The same reaction mixture as that obtained in the second step of Example 5 was concentrated by distil- 

lation to prepare 2.2 g of a still-bottom product having a high boiling point and containing the catalyst. 

The first step of Example 5 was repeated except that the catalyst was replaced with the above still-bottom 
product, to give 123.0 g of a reaction mixture. The reaction mixture was analyzed for a composition by gas 
chromatography to show 19.1 g of unreacted propylene glycol and 101.5 g of formed propylene carbonate. 

50 The above results show the following. The conversion of propylene glycol is 79.9 % under the theoretical 

value of 80.0 %, the selectivity to propylene carbonate on the basis of the reacted propylene glycol is 99.5 %, 
and the selectivity to propylene carbonate on the basis of urea is 99.4 % (conversion of urea = 100 %). 

(Second step) 

55 

A 300-ml autoclave was charged with the entire amount of the reaction mixture obtained in the first step 
and 64.1 g (2.0 mol) of methanol and flushed with nitrogen. Then, the mixture was heated up to 140^*0 with 
stirring. The mixture was allowed to react for 1 hour, and the reaction mixture was cooled and analyzed for a 
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composition by gas chromatography to show 50.7 g of methanol. 18.8 g of dimethyl carbonate, 34.9 g of pro- 
pylene glycol and 80.2 g of propylene carbonate. 

The above results show the following. The conversion of propylene carbonate is 21 .0 %, and the s lectivity 
to dimethyl carbonate on the basis of the reacted propylene cart>onate is at least 99 %. 

5 

Example 8 
(First step) 

10 A 300-ml three-necked flask equipped with a Snyder's fractionating column having a reflux condenser in 

, an upper portion, a stirrer and a thermometer was charged with 60.1 g (1 .0 mot) of urea, 108.1 g (1 .2 mol) of 
' 1,3-butanediol and 8.0 g of zinc acetate, and while the mixture was stirred, the pressure in the flask was re- 
duced to 50 mmHg and the mixture was heated to 155**C. The mixture was allowed to react for 5 hours, and 
then the reaction mixture was cooled. The amount of the reaction mixture was 143.1 g. The reaction mixture 
15 was analyzed for a composition by gas chromatography to show 23.5 g of unreacted 1 ,3-butahedlo1 and 103.1 
g of formed 1 .3-dioxane-4-methyl-2-one. 

The above results show the following. The conversion of 1 ,3-butanedlol is 78.2 % under the theoretical 
value of 83.3 %, the selectivity to 1,3-dioxane-4-methyl-2-one on the basis of 1.3-butanedioI is 94.6 %, and 
the yield of 1 ,3-dloxane-4-methyi-2-one on the basis of urea is 88.8 % (conversion of urea = 100 %). 

20 

(Second step) 

A 500-ml autoclave having a thermometer was charged with the entire amount of the reaction mixture ob- 
tained in the first step and 64.1 g (2.0 mol) of methanol and flushed with nitrogen. Then, the mbcture was heated 
25 to 120''C with stirring. The mixture was allowed to react for 3 hours, and the reaction mixture was cooled and 
analyzed for a composition by gas chromatography to show 52.6 g of unreacted 1 ,3-dioxane-4-methyl-2-one, 
40.1 g of methanol, 28.8 g of formed dimethyl carbonate and 16.3 g of methyl-3-hydroxybutyl carix)nate. 

The above results show the following. The conversion of 1,3-dioxane-4-methyl-2-one is 49.0 %, and on 
the basis of the reacted 1,3-dioxane-4-methyl-2-one, the selectivity to dimethyl carbonate is 73.4 % and the 
30 selectivity to methyl-3-hydroxybutyl carbonate is 25.1 % (total 98.5 %). 

Example 9 

(First step) 

35 

A 300-ml three-necked flask equipped with a Snyder's fractionating column having a reflux condenser in 
an upper portion, a stirrer and a thermometer was charged with 60.1 g (1 .00 mol) of urea, 95.1 g (1 .25 mol) of 
1,3-propanediol and 6.0 g of lead carbonate, and while the mixture was stirred, the pressure in the flask was 
reduced to 80 mmHg and the mixture was heated to 175^C. The mixture was allowed to react for 5 hours, and 

40 then the reaction mixture was cooled. The amount of the reaction mixture was 127.8 g. The reaction mixture 
was analyzed for a composition by gas chromatography to show 21 .0 g of unreacted 1 ,3-propanediol and 92.1 
g of formed 1 ,3-dioxan-2-one. 

The above results show the following. The conversion of 1,3-propanediol Is 77.9 % under the theoretical 
value of 80.0 %. the selectivity to 1.3-dloxan-2-one on the basis of 1 ,3-propanediol is 92.6 %, and the yield of 

45 1 .3-dioxan-2-one on the basis of urea is 90.2 % (conversion of urea = 100 %). 

(Second step) 

A 500-ml autoclave having a thermometer was charged with the entire amount of the reaction mixture ob- 
50 tained in the first step and 1 38.2 g (3.0 md) of ethanol and flushed with nitrogen. Then, the mixture was heated 
to ISO'^C with stirring. The mixture was allowed to react for 1 hour, and the reaction mixture was cooled and 
analyzed for a composition by gas chromatography to show 42.7 g of unreacted 1 .3-dioxan-2-one, 98.1 g of 
ethanol. 45.6 g of formed diethyl carbonate and 13.7 g of ethyl-3-hydroxypropyl carbonate. 

The above results show the following. The conversion of 1,3-dioxan-2-one is 53.6 %, and on the basis of 
55 the reacted 1 ,3-dioxan-2-one, the selectivity to diethyl carbonate is 79.9 % and the selectivity to ethyl-3- 
hydroxy propyl carbonate is 19.1 % (total 99.0 %). 
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Example 10 
(First step) 

5 A 500-ml three-necked flask equipped with a Snyder's fractionating column having a reflux condenser in 

an upper portion, a stirrer and a thermometer was charged with 60.1 g (1 .00 mol) of urea, 156.2 g (1 .5 mol) of 
neopentyl glycol, 3.0 g of magnesium carbonate and 102.1 g (1.00 mol) of propylene carbonate, and while the 
mixture was stirred, the pressure in the flask was reduced to 50 mmHg and the mixture was heated to 185*>C. 
The mixture was allowed to react for 3 hours, and then the reaction mixture was cooled. The amount of the 

10 reaction mixture was 286.3 g. The reaction mixture was analyzed for a composition by gas chromatography 
to show 55.3 g of unreacted neopentyl glycol and 123.0 g of formed 1,3-dioxane-5,5-dimethyl-2-one. 

The above results show the following. The conversion of neopentyl glycol is 64.6 % under the theoretical 
value of 66.7 %, the selectivity to 1,3-dioxane-5,5-dimethyl-2-one on the basis of neopentyl glycol is 97.5 %, 
and the yield of 1.3-dioxane-5,5-dimethyl-2-one on the basis of urea is 94.5 % (conversion of urea =100 %). 

IS Unreacted neopentyl glycol and propylene carbonate were drawn from the above reaction mixture by dis- 

tillation to give 127.4 g of a residue containing the catalyst. This residue was analyzed by gas chromatography 
to show 121.5 g of 1,3-dioxane-5,5-dlmethyl-2-one. 

(Second step) 

20 

The same autoclave as that used In the second step of Example 9 was charged with the entire amount of 
the residue containing the catalyst, obtained in the first step, and 240.4 g (4.0 mol) of 1-propanol and flushed 
with nitrogen. Then, the mixture was heated to les^'C with stirring. The mixture was allowed to react for 1 hour, 
and the reaction mixture was cooled and analyzed for a composition by gas chromatography to show 33.8 g 
25 of unreacted 5,5-dimethyl-1,3-dioxan-2-one, 165.7 g of 1-propanol, 78.9 g of formed dipropyl carbonate and 
23.4 g of propyl-3-hydroxy-2,2-dimethyipropyl carbonate. 

The above results show the following. The conversion of 5,5-dimethyl-1 ,3-dioxan-2-one is 72.2 %, and on 
the basis of the reacted 5,5-dimethyl-1,3-dioxan-2-one, the selectivity to dipropyl carbonate is 80.1 % and the 
selectivity to propyl-3-hydroxy-2»2-dimethyl propyl carbonate is 18.1 % (total 98.2 %). 

30 

Example 11 . 
(First step) 

35 A 500-ml three-necked flask equipped with a Snyder's fractionating column having a reflux condensOr in 

an upper portion, a stirrer and a thermometer was charged with 60.1 g (1.00 mol) of urea, 130.2 g (1.25 mol) 
of neopentyl glycol, 3.0 g of dimethoxy zinc and 120.2 g (1.00 mol) of mesitylene, and while the mixture was 
stirred, the pressure in the flask was reduced to 600 mmHg and the mixture was heated to 145**C. The mixture 
was allowed to react for 7 hours, and then the reaction mixture was cooled. The amount of the reaction mixture 

40 was 280.5 g. The reaction mixture was analyzed for a composition by gas chromatography to show 27,8 g of 
unreacted neopentyl glycol and 115.5 g of formed 1,3-dioxane-5,5-dimethyl-2-one. 

The above results show the following. The conversion of neopentyl glycol is 78.7 % under the theoretical 
value of 80 %, the selectivity to 1,3-dioxane-5,5-dimethyl-2-one on the basis of neopentyl glycol is 90.3 %, 
and the yield of 1,3-dioxane-5.5-dimethyl-2-one on the basis of urea is 88.8 % (conversion of urea = 100 %). 

45 Unreacted neopentyl glycol and mesitylene were drawn from the above reaction mixture by distillation to 

give 128.5 g of a residue containing the catalyst. This residue was analyzed by gas chromatography to show 
114.3 g of 1,3-dioxane-5,5-dimethyl-2-one. 

(Second step) 

50 

The same autoclave as that used in the second step of Example 9 was charged with the entire amount of 
the residue containing the catalyst, obtained in the first step, and 64.1 g (2.0 mol) of methanol and flushed 
with nitrogen. Then, the mixture was heated to 125''C with stinrlng. The mixture was allowed to react for 1 hour, 
and the reaction mixture was cooled and analyzed for a composition by gas chromatography to show 52.0 g 
55 of unreacted 5,5-dimethyl-1,3-dioxan-2-one, 37.4 g of methanol, 32.1 g of formed dimethyl carbonate and 18.6 
g of methyl-3-hydroxy-2.2-dimethylpropyl carbonate. 

The above results show the following. The conversion of 5,5-di methyl- 1 ,3-dloxan-2-one is 54.4 %, and on 
the basis of the reacted 5,5-dlmethyl-1,3-dioxan-2-one, the selectivity to dimethyl carbonate is 74.3 % and 
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the sel ctivity to methyl-3-hydroxy-2,2-dimethyl propyl carbonate is 24.0 % (total 98.3 %). 
Example 12 
5 (First step) 

The same reaction mixture as that obtained in the second step of Example 8 was concentrated by distil- 
lation to prepare 13.3 g of a still-bottom product having a high boiling point and containing the catalyst 

The first step of Example 8 was repeated except that the catalyst was replaced with the above still-bottom 
product, to give 148.7 g of a reaction mixture. The reaction .mixture was analyzed for a composition by gas 
chromatography to show 20.1 g of unreacted 1,3-butanediol and 110.1 g of formed 1,3-dioxane-4-methyi-2- 
one. 

The above results show the following. The conversion of 1,3-butanediol is 81.3 % under the theoretical 
value of 83.3 %, the selectivity to 1,3-dioxane-4-methyl-2-one on the basis of 1,3-butanediol is 97.3 %, and 
the yield of 1 ,3-dioxane-4-methyl-2-one on the basis of urea is 94.9 % (conversion of urea = 1 00 %). 

(Second step) 

A 300-ml autoclave having a thermometer was charged with the entire amount of the reaction mixture ob- 
tained in the first step and 64. 1 g (2.0 mo!) of methanol and flushed with nitrogen. Then, the mixture was heated 
to 120''C with stirring. The(mixture was allowed to react for 3 hours, and the reaction mixture was cooled and 
analyzed for a composition by gas chromatography to show 57.2 g of unreacted 1 ,3-dioxane-4-methyl-2-one, 
37.9 9 of methanol, 32.4 g of formed dimethyl carbonate and 11,0 g of methyl-3-hydroxybutyl carbonate. 

The above results show the following. The conversion of 1,3-dioxane-4-methyl-2-one is 48.1 %, and on 
the basis of the reacted 1,3-dioxane-' 'methyl-2-one, the selectivity to dimethyl carbonate is 78.7 % and the 
selectivity to methyl-3-hydroxybutyl carbonate is 16.1 % (total 94.8 %). 



Claims 

1. A process for the production of a dialkyi carbonate, which comprises 

(i) reacting an all<ylene glycol of the formula (1), i 

RiCH(OH)CH(OH)R2 (1) 

wherein and R^ are each independently hydrogen or an alkyi group having 1 to 4 carbon atoms, 
or an alkanediol of the formula (2), 

I^CH(OH) C — CH(OH)R* (2) 

wherein R^ to R^ are each independently hydrogen or an alkyI group having 1 to 4 carbon atoms. 
45 with urea in the presence of a catalyst to form an alkylene carbonate derived from the alkylene glycol of 

the formula (1) or a six-membered cyclic carbonate derived from the alkanediol of the formula (2), 
and 

(ii) reacting the alkylene carbonate or the six-membered cyclic carbonate with an alcohol in the 
presence of a catalyst to obtain a dialkyi carbonate and an alkylene glycol, or a dialkyi carbonate and an 

50 alkanediol, 

wherein the alkylene glycol or the alkanediol obtained in (ii) is recycled to (i). 

2. A process according to claim 1, wherein the alcohol is an aliphatic alcohol having 1 to 6 carbon atoms or 
is an alicyclic alcohol. 

55 

3. A proc ss according to daim 1 or 2, wherein (i) is carried out under reduced pressure. 

4. A proc ss according to claims 1 to 3, wherein (i) is carried out in the pr sence of a catalyst comprising at 
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least one of zinc, magnesium, lead, calcium, a zinc compound, a magnesium compound, a lead compound 
and a calcium compound. 

5. A process according to any preceding daim, wherein a reaction mixture containing the catalyst, obtained 
in (i), is used as starting material and the catalyst in (ii). 

6. A process according to any one of claims 1 to 4, wherein unreacted alkylene glycol or unreacted alkanediol 
is separated from a reaction mixture containing the catalyst, obtained in (i), and the remaining reaction 
mixture is used as starting material and the catalyst in (ii). 

7. A process according to claim 6, wherein the separated unreacted alkylene glycol, or the separated un- 
reacted alkanediol is recycled to (i). 

8. A process according to any one of claims 1 to 4, wherein a catalyst-containing reaction mixture which Is 
obtained in (ii) and from which the dialkyi carbonate and unreacted alcohol are separated is recycled to 
(i). 

9. A process according to any one of claims 1 to 4, wherein unreacted alkylene carbonate or unreacted six- 
membered cyclic carbonate separated from a reaction mixture obtained in (ii) is used as part of the starting 
material in (ii). 

10. A process according to any one of claims 1 to 4, wherein the catalyst separated from a reaction mixture 
obtained in (ii) is used in (i). 

11. A process according to any one of claims 1 to 4, wherein part of the catalyst separated from a reaction 
mixture obtained in (ii) is used as the catalyst in (ii). 

12. A process according to claim 1 1 . wherein a remaining part of the catalyst separated from a reaction mixture 
obtained in (ii) is used as the catalyst in (i). 

13. A process according to any preceding daim, wherein the catalyst used in (i) is the same as the catalyst 
used in (ii). 
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